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CONVERTER

(57) A power converter 10 with a modular, compact
architecture with a reduced component count is dis-
closed. The power converter 10 includes parallel power
conversion sections 12 and utilizes one or more mutual
coupling input inductors 20 with multiple windings. The

windings are connected in pairs in a differential mode

between a power source 35 and the parallel power con-
version sections 12. Each power conversion section 12
receives the same input voltage and generates the same
output voltage. As a result of the winding connections
and the same input and output voltages, the input of the
power converter 10 exhibits current balancing and shar-
ing between each branch of the parallel configuration,
allowing a single current sensor 40 to provide a meas-
urement of the currentand a single controller 50 to control
operation of each of the power conversion sections 12.
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Description

[0001] The subject matter disclosed herein relates
generally to a power converter with a modular, compact
architecture with a reduced component count. More spe-
cifically, the power converter includes parallel power con-
version sections and utilizes one or more mutual coupling
input inductors with multiple windings connected in pairs
in a differential mode between a power source and the
parallel power conversion sections resulting in current
balancing and sharing between each branch of the par-
allel configuration.

[0002] As is known to those skilled in the art power
converters allow for a controlled output voltage and/or
current to be supplied from an input power source. The
input power source may be an Alternating Current (AC)
or a Direct Current (DC) voltage having a first amplitude
and frequency. The output of the power converter may
be either an AC or a DC voltage having a second ampli-
tude and frequency, where the second amplitude and/or
frequency is different than the first amplitude and/or fre-
quency. The output of the power converter may be either
fixed or variable according to the configuration of the pow-
er converter. Numerous configurations of one or more
active or passive switching devices along with inductive
or capacitive devices are arranged to provide the con-
trolled output voltage.

[0003] In orderto convert the voltage from the first am-
plitude and frequency at the inputto the second amplitude
and frequency at the output, the power converter utilizes
one or more power switching devices, such as thyristors,
silicon controlled rectifiers (SCRs), diodes, metal-oxide-
semiconductor field-effect transistors (MOSFETS), insu-
lated-gate bipolar transistor (IGBTs), other power tran-
sistors, and the like. The power switching devices may
be active or passive and a controller may generate
switching signals to control operation of the active devic-
es. The switching devices turn on and off at frequencies
ranging from hundreds of hertz to hundreds of kilohertz
in order to synthesize the desired output voltage from the
input voltage.

[0004] Switching the devices on and off, however, cre-
ates an electrically noisy environment with undesirable
conducted and/or radiated emissions. The undesirable
conducted emissions include transient voltages and/or
currents at the input and output of the power converter.
In order to limit the undesirable conducted emissions,
filtering devices may be connected at the input or output.
As the power rating of a power converter increases, the
switching devices as well as the filtering devices must be
sized accordingly. Increasing the power rating of the
switching devices and/or the filtering devices typically re-
sults in an increase in cost, due for example to more
expensive materials; an increase in size to handle the
increased current capacity; or a combination thereof.
[0005] At high power levels, the devices can either no
longer be rated to handle the desired power or the cost
of devices that can be rated to handle the desired power
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is too great. Historically, these drawbacks have been
overcome by providing multiple power conversion sec-
tions operating in parallel. Each power conversion sec-
tion handles a portion of the power for the system and,
therefore, the components for each section need only be
rated to handle the corresponding portion of the power.
[0006] However, such systems are not without draw-
backs. Each power conversion section requires its own
filters and switching devices. As a result, the physical
size of the system increases.

[0007] Itis a first feature of the invention to provide a
paralleled power converter system with a reduced size.
[0008] Itis another feature of the invention to provide
aparalleled power converter system with areduced com-
ponent count, which, in turn, reduces cost and further
reduces size.

[0009] Ithasalsobeenknown to provide separate con-
trollers to control each power conversion section. The
controllers of each power conversion section must be
synchronized to operate together and to produce the de-
sired output voltage. Synchronization requires commu-
nication between the controllers. As previously indicated,
the rapid switching of the switching devices creates an
electrically noisy environment. The electrical noise may
cause errors in the communication between controllers
or require additional shielding to prevent the errors from
occurring.

[0010] Itis still another feature of the invention to pro-
vide a paralleled power converter system which does not
require communications between power conversion sec-
tions.

[0011] The subject matter disclosed herein describes
a power converter with a modular, compact architecture
with a reduced component count and reduced size. The
power converter includes parallel power conversion sec-
tions and utilizes one or more mutual coupling input in-
ductors with multiple windings. The mutual windings are
connectedin pairs in a differential mode between a power
source and the parallel power conversion sections. Each
power conversion section receives the same input volt-
age and generates the same output voltage. As a result
ofthe winding connections and the same input and output
voltages, the input of the power converter exhibits current
balancing and sharing between each section of the par-
allel configuration, allowing a single current sensor to pro-
vide a measurement of the current. The current meas-
urement is provided to a single controller, which gener-
ates control signals for each of the power conversion
sections. The single controller eliminates the require-
ment for communication between power conversion.
[0012] According to one embodiment of the invention,
a power converter includes multiple power conversion
sections, a mutual choke, a current sensor, and a con-
troller. Each power conversion section includes an input
and an output. The input is operative to receive a first
voltage having a first magnitude and a first frequency,
and the output is operative to deliver a second voltage
having a second magnitude and a second frequency. The
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mutual choke includes a magnetic core, a first winding,
and a second winding. The first winding on the magnetic
core is connected in series between a power source and
a first power conversion section, selected from the plu-
rality of power conversion sections. The second winding
on the magnetic core is connected in series between the
power source and a second power conversion section,
selected from the plurality of power conversion sections.
The first winding is operative to conduct a first current,
and the second winding operative to conduct a second
current. The first and second windings are connected
between the power source and the firstand second power
conversion sections, respectively, such that the first cur-
rentflows in an opposite direction than the second current
with respect to the magnetic core. The current sensor is
operative to generate a signal corresponding to an am-
plitude of current entering the power conversion section.
The controller is operative to receive the signal from the
currentsensor and to generate a first set of control signals
for the first power conversion section and a second set
of control signals for the second power conversion sec-
tion responsive to the signal from the current sensor.
According to another embodiment of the invention, a
modular power converter includes at least one pair of
power conversion sections, a mutual choke, a current
sensor, and a controller. Each pair of power conversion
sections includes a first power conversion section and a
second power conversion section. The first power con-
version section includes an input operative to receive a
first voltage having a first magnitude and afirst frequency
and an output operative to deliver a second voltage hav-
ing a second magnitude and a second frequency. The
second power conversion section includes an input op-
erative toreceive the first voltage and an output operative
to deliver the second voltage. The mutual choke includes
a first winding electrically connected between a power
source and the first power conversion section and a sec-
ond winding electrically connected between the power
source and the second power conversion section. The
firstand second windings are electrically connected such
that a first current in the first winding flows in an opposite
direction than a second current in the second winding.
The current sensor is operative to generate a signal cor-
responding to an amplitude of current provided to the first
power conversion section, the second power conversion
section or a combination thereof. The controller is oper-
ative to receive the signal from the current sensor and to
generate a first set of control signals for the first power
conversion section and a second set of control signals
for the second power conversion section responsive to
the signal from the current sensor.

[0013] According to still another embodiment of the in-
vention, a modular power converter includes at least one
pair of power conversion sections, at least one choke, a
current sensor, and a controller. Each pair of power con-
version sections is operative to receive a first voltage
having a first magnitude and a first frequency and an
output operative to deliver a second voltage having a
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second magnitude and a second frequency. Each choke
includes at least one pair of windings connected in a dif-
ferential mode, and each pair of windings is configured
to be connected between a power source operative to
provide the first voltage and one pair of the power con-
version sections. The current sensor is operative to gen-
erate a signal corresponding to an amplitude of current
provided to the modular power converter, and the con-
troller is operative to receive the signal from the current
sensor and to generate a set of control signals for each
pair of power conversion sections responsive to the sig-
nal from the current sensor.

[0014] Various objects, advantages, and features of
the invention will become apparent to those skilled in the
art from the detailed description and the accompanying
drawings. It should be understood, however, that the de-
tailed description and accompanying drawings, while in-
dicating preferred embodiments of the present invention,
are given by way of illustration and not of limitation. Many
changes and modifications may be made within the
scope of the present invention without departing from the
spirit thereof, and the invention includes all such modifi-
cations.

[0015] Various exemplary embodiments of the subject
matter disclosed herein are illustrated in the accompa-
nying drawings in which like reference numerals repre-
sent like parts throughout, and in which:

FIG.1is aschematicrepresentation of an exemplary
power converter incorporating a mutual coupling in-
put inductor for one pair of branches in the power
converter according to one embodiment of the in-
vention;

FIG.2is aschematicrepresentation of an exemplary
power converter incorporating a mutual coupling in-
put inductor for one pair of branches in the power
converter according to another embodiment of the
invention;

FIG. 3is aschematicrepresentation of an exemplary
power converter incorporating modular, mutual cou-
pling input inductors for current sharing between two
pairs of branches of the power converter according
to another embodiment of the invention;

FIG. 4 is aschematicrepresentation of an exemplary
power converter incorporating a mutual coupling in-
put inductor with two pairs of branches, in the power
converter according to another embodiment of the
invention;

FIG.5is aschematicrepresentation of an exemplary
power converter incorporating modular, mutual cou-
pling input inductors with a multi-phase alternating
current (AC) power source for current sharing be-
tween four branches of the power converter accord-
ing to another embodiment of the invention;
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FIG. 6 is a schematic representation of an exemplary
power converter incorporating modular, mutual cou-
pling input inductors with a multi-phase alternating
current (AC) power source for current sharing be-
tween four branches of the power converter accord-
ing to another embodiment of the invention;

FIG. 7 is a schematic representation of an exemplary
power converter with a multi-phase AC power source
incorporating multiple, mutual coupling input induc-
tors with four branches, where each inductor corre-
sponds to one phase of the AC power source ac-
cording to another embodiment of the invention; and

FIG. 8 is a block diagram representation of one em-
bodiment of the controller of Fig. 1; and

FIG. 9 is a representative illustration of a choke with
multiple windings wound around a common core.

[0016] In describing the preferred embodiments of the
invention which are illustrated in the drawings, specific
terminology will be resorted to for the sake of clarity. How-
ever, it is not intended that the invention be limited to the
specific terms so selected and it is understood that each
specific term includes all technical equivalents which op-
erate in a similar mannerto accomplish a similar purpose.
For example, the word "connected," "attached," or terms
similar thereto are often used. They are not limited to
direct connection but include connection through other
elements where such connection is recognized as being
equivalent by those skilled in the art.

[0017] The various features and advantageous details
of the subject matter disclosed herein are explained more
fully with reference to the non-limiting embodiments de-
scribed in detail in the following description.

[0018] Turning initially to Fig. 1, a power converter 10
according to one embodiment of the invention is illustrat-
ed. The power converter 10 includes a first power con-
version section 12a and a second power conversion sec-
tion 12b. Each of the first and second power conversion
sections are connected in parallel between a power
source 35 and an output 70. According to the illustrated
embodiment, the power source 35 is adirect current (DC)
power source, supplying a first DC voltage, u;,. The out-
put 70 of the power converter 10 is a DC bus having a
positive rail 72 and a negative rail 74 across which a
second DC voltage, DC;, is provided. The first voltage,
U;,, provided as an input to the power converter 10 has
a first amplitude and a first frequency, where the frequen-
cy is zero hertz (0 Hz) for a DC voltage. The second
voltage, DC,;, provided as an output from the power
converter 10 has a second amplitude and a second fre-
quency, where the frequency is zero hertz (0 Hz) for a
DC voltage. It is contemplated the power converter 10
may be: a boost converter, such that the second voltage
is greater than the first voltage, a buck converter, such
that the second voltage is less than the first voltage, or
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a combination thereof where the output voltage may vary
according to application requirements and may be either
greater than or less than the input voltage.

[0019] The power converter 10 further includes a mu-
tual choke 20 connected in series between the DC power
source 35 and each of the power conversion sections.
The mutual choke 20 is a single magnetic device which
includes a separate winding for each power conversion
section wound on the single magnetic device. According
to the illustrated embodiment, a first winding 22 is con-
nected in series between the power source 35 and the
first power conversion section 12a, and a second winding
24 is connected in series between the power source 35
and the second power conversion section 12b. With ref-
erence also to Fig. 9, an exemplary mutual choke 20 is
illustrated. The exemplary mutual choke 20 is shown with
only four turns in each winding for ease of illustration and
is notintended to be limiting. Similarly, a square magnetic
core 25 is illustrated for ease of illustration and is not
intended to be limiting. The shape of the magnetic core
25 orthe number of turns for each winding will be selected
according to the application requirements to achieve a
desired inductance in each of the windings 22, 24.
[0020] Each of the first and second windings 22, 24
are wound on the magnetic core 25 and connected be-
tween the power source 35 and the power conversion
sections 12a, 12b in a differential mode. In other words,
the current flows through each winding in opposite direc-
tions with respect to the magnetic core 25. The first wind-
ing 22 includes a first end 26 and a second end 28, and
the second winding 24 includes a first end 29 and a sec-
ond end 27. Both the first winding 22 and the second
winding 24 are connected between the power source 35
and the respective power conversion section 12a, 12b
such that current flows from the power source 35 to the
corresponding power conversion section 12a, 12b. How-
ever, the first end 26 of the first winding 22 begins at the
second end 27 of the second winding 24 and the two
windings are wound about the core 25 of the mutual
choke 20 such that the second end 28 of the first winding
22 is at the first end 29 of the second winding 24. A first
current 21 flowing through the first winding 22 is conduct-
ed through the firstwinding 22 in afirst direction. A second
current 23 flowing through the second winding 24 is con-
ducted through the second winding 24 in a second direc-
tion. The first direction is opposite the second direction
with respect to the magnetic core 25 of the choke 20.
Although each winding is illustrated as terminating prox-
imate the core 25, this is for ease of illustration and for
providing reference numerals in other figures. It is con-
templated, forexample, that a single conductor may span
between the power source 35 and one of the power con-
version sections, where a portion of the single conductor
is wound around the magnetic core, defining the winding.
[0021] The power converter 10 also includes a current
sensor 40 generating a signal 42 corresponding to an
amplitude of current at the input of the power converter
10. With reference to Figs. 1 and 2, a single current sen-
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sor 40 is provided at some location on the input side of
the power converter 10. The illustrated power converter
includes two branches, where a first branch is defined,
at least in part, by the first winding 22 and the first power
conversion section 12a and a second branch is defined,
atleast in part, by the second winding 24 and the second
power conversion section 12b. A common, or shared,
electrical conductor is connected between the power
source 35 and the two branches. In Fig. 1, the current
sensor 40 is illustrated as being operatively connected
to the common electrical conductor. In Fig. 2, the current
sensor 40 is illustrated as being operatively connected
in the first branch. In either location, the signal 42 gen-
erated by the current sensor 40 is provided to a controller
50 for the power converter 10.

[0022] The controller 50 is operative to control opera-
tion of each of the power conversion sections 12 in the
power converter 10. With reference also to Fig. 8, the
controller 50 includes a non-transitive memory 52 oper-
ative to store a series of instructions for execution on a
processor 54. It is contemplated that the processor 54
may be a single processor or multiple processors exe-
cuting in parallel or asynchronously. The controller 50
also includes a feedback circuit 56 configured to receive
current feedback signals, iy, 61a and voltage feedback
signals, Vvigpk, 61b and to provide the feedback signals
61 to the processor 54. The processor 54 is operative to
execute the stored instructions to generate control sig-
nals, CTL1and CTL2, for each power conversion section
12. The control signals are transmitted via a driver circuit
58 from an output 64 of the controller 50 to each power
conversion section 12.

[0023] The embodiment of the power converter 10 il-
lustrated in Figs. 1 and 2 includes a single pair of power
conversion sections 12 and a single mutual choke 20.
The pair of power conversion sections 12 and chokes
may be replicated in a modular manner to increase the
capacity of the power converter 10. Turning next to Figs.
3 and 4, additional embodiments of the power converter
10 with multiple pairs of power conversion sections 12
and multiple chokes 20 are illustrated.

[0024] With reference first to Fig. 3, the power convert-
er 10 includes four power conversion sections 12. The
power conversion sections 12 are provided in pairs. Al-
though illustrated with two pairs, it is contemplated that
the power conversion sections 12 may be provided in
various other numbers of paired sections according to
the application requirements. A first power conversion
section 12a and a second power conversion section 12b
define a first pair of power conversion sections, and a
third power conversion section 12c¢ and a fourth power
conversion section 12d define a second pair of power
conversion sections. A first choke 20a includes a pair of
windings 22a, 24a connected in a differential mode to
the first pair of power conversion sections 12a, 12b. A
second choke 20b includes a second pair of windings
22b, 24b connected in a differential mode to the second
pair of power conversion sections 12¢, 12d. A third choke
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20c is also provided between the power source 35 and
each of the first and second chokes 20a, 20b. The third
choke 20c includes a third pair of windings 22c, 24c
where the third pair of windings are connected in a dif-
ferential mode to the first and second chokes. Thus, the
third choke 20c first splits the current from the power
source 35 into a first current 21¢c and a second current
23c through the third choke 20c. Each of the first and
second currents 21c¢, 23c in the third choke 20c are again
split into two additional branches at the first and second
chokes 20a, 20b.

[0025] The controller 50 receives a single current feed-
back signal 61a from the current sensor 40 at the input
to the power converter 10 and generates four sets of
control signals 65, 67, 69, 71. The first set of control sig-
nals 65 is sent from the controller 50 to the first power
conversion section 12a. The second set of control signals
67 is sent from the controller 50 to the second power
conversion section 12b. The third set of control signals
69 is sent from the controller 50 to the third power con-
version section 12c. The fourth set of control signals 71
is sent from the controller 50 to the fourth power conver-
sion section 12d. The output of each power conversion
section is connected in parallel and provided to the DC
bus 70 at the output of the power converter 10.

[0026] Referring next to Fig. 4, another embodiment
of the invention including four power conversion sections
12 is illustrated. The power conversion sections 12 are
again provided in pairs. A first power conversion section
12a and a second power conversion section 12b define
afirst pair of power conversion sections, and a third pow-
er conversion section 12c and a fourth power conversion
section 12d define a second pair of power conversion
sections. A mutual choke 100 is provided with windings
for all four power conversion sections 12 wound around
a shared magnetic core. A firstwinding 102 and a second
winding 104 are connected in a differential mode to the
first pair of power conversion sections 12a, 12b. A third
winding 106 and a fourth winding 108 are connected in
adifferential mode to the second pair of power conversion
sections 12c, 12d. As illustrated, the current from the
power source 35 is first divided into a first current 97 and
a second current 99 which is each provided to a pair of
windings. The first current 97 is divided into two additional
currents 101, 105 which are each conducted through one
of the windings 102, 106 on the choke 100, and the sec-
ond current 99 is divided into two additional currents 103,
107 which are each conducted through one of the wind-
ings 104, 108 on the choke 100. Optionally, it is contem-
plated that the windings may be connected directly to the
power source 35 at a single connection point. The output
of each power conversion section 12 is connected in par-
allel and provided to the DC bus 70 at the output of the
power converter 10.

[0027] Turning nextto Fig. 5, an exemplary power con-
verter 10 configured to receive an alternating current
(AC) voltage from the power source 35 is illustrated. The
illustrated power source includes four separate, or two
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pairs of, power conversion sections 12. Similar, to the
power converters 10 illustrated, for example, in Figs. 1
and 2 for a DC power source, it is contemplated that the
power converter 10 may include a single pair of power
conversion sections 12. Optionally, more than two pairs
of power conversion sections may be provided according
to the application requirements. A first power conversion
section 12a and a second power conversion section 12b
define a first pair of power conversion sections, and a
third power conversion section 12c and a fourth power
conversion section 12d define a second pair of power
conversion sections.

[0028] Accordingtotheillustrated embodiment, the AC
power source 35 provides a three-phase voltage from a
utility grid. A separate choke 20 is provided for each
phase of the voltage. A single-phase AC voltage, there-
fore, utilizes a single choke and a multi-phase voltage
having other numbers of phases utilizes a single choke
20 for each phase. As illustrated, a first set of three
chokes is provided between the three-phase voltage and
the first pair of power conversion sections. A first choke
20a, which includes a pair of windings, is connected in a
differential mode in the first phase of the three-phase
voltage supplied to the first pair of power conversion sec-
tions 12a, 12b. A second choke 20b, which includes a
pair of windings, is connected in a differential mode in
the second phase of the three-phase voltage supplied to
the first pair of power conversion sections 12a, 12b. A
third choke 20c, which includes a pair of windings, is con-
nected in a differential mode in the third phase of the
three-phase voltage supplied to the first pair of power
conversion sections 12a, 12b. Similarly, a second set of
three chokes is provided between the three-phase volt-
age and the second pair of power conversion sections.
Three chokes 20d, 20e, 20f, each of which includes a
pair of windings, are connected in each of the three phas-
es supplied to the second pair of power conversion sec-
tions 12c, 12d. A third set of chokes is provided between
the power source 35 and each of the first and second set
of chokes. Each of the three chokes 20g, 20h, 20i in the
third set includes a pair of windings and is connected in
adifferential mode in one of the three phases of the three-
phase voltage between the power source 35 and each
of the first and second set of chokes.

[0029] The controller 50 receives current feedback sig-
nals 61 from a current sensor 40 present on each phase
of the input. As illustrated, a first current sensor 40a is
located on a first phase, a second current sensor 40b is
located on a second phase, and a third current sensor
40c is located on a third phase. Each of the current sen-
sors 40a, 40b, 40c generate a signal corresponding to
an amplitude of current present in the phase and the sig-
nal is provided as an input to the controller 50. The con-
troller generates a set of control signals 66 used to control
operation of each power conversion section 12 as a func-
tion of the current feedback signals. As illustrated in Fig.
5, the current sensors 40 may be located prior to any
branches in the power converter 10 and provide a signal
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corresponding to a total current input to the power con-
verter 10. As illustrated in Fig. 6, it is also contemplated
that the current sensors 40 may be located in one of the
branches, either at an intermediate location as shown,
or in a final branch connected to one of the power con-
version sections 12. The signals generated by the current
sensors 40 willthen correspond to an amplitude of current
at the location along the branch at which the current sen-
sor is mounted.

[0030] Referring next to Fig. 7, another embodiment
of the invention including four power conversion sections
12 for an AC power source 35 is illustrated. The power
conversion sections 12 are again provided in pairs. A first
power conversion section 12a and a second power con-
version section 12b define afirst pair of power conversion
sections, and a third power conversion section 12c and
a fourth power conversion section 12d define a second
pair of power conversion sections. A set of mutual chokes
100 is provided for each phase of the AC power source.
A first choke 100a is provided for the first phase and
includes four windings. A first winding 102 and a second
winding 104 are connected as a first pair in a differential
connection between the power source 35 and the first
phase input for a first power conversion section 12a and
the first phase input for a second power conversion sec-
tion 12b. A third winding 106 and a fourth winding 108
are connected as a second pair in a differential connec-
tion between the power source 35 and the first phase
input for a third power conversion section 12c and the
first phase input for a fourth power conversion section
12d. A second choke 100b and a third choke 100c are
also provided for the second and third phases, respec-
tively. Each of the second and third chokes 100b, 100c
also include four windings. The four windings are con-
nected in differential pairs to connect the respective
phases of the power source 35 to the corresponding
phaseinputsin each ofthe power conversion sections 12.
[0031] The output of each of the power converters il-
lustrated in Figs. 5-7 is provided at a DC bus 70. The
illustrated DC bus 70 includes multiple DC voltages. Each
power conversion section 12 includes a set of diodes to
rectify the AC voltage. The rectified AC voltage is output
as a DC voltage substantially equal to the peak-to-peak
value of the AC input voltage between a positive rail 72
and a negative rail 74 of the DC bus. A set of transistors
connected in pairs on each phase of the input voltage to
provide a third voltage at an intermediate rail 73 of the
DC bus.

[0032] In operation, the power converter 10 is opera-
tive to convert a first voltage having a first magnitude and
a first frequency to a second voltage having a second
magnitude and a second frequency. As illustrated in Figs.
1-4, the power converter 10 converts a first DC voltage
received ataninput of the power converter 10 to asecond
DC voltage present at the output 70 of the power con-
verter. As illustrated in Figs. 5-7, the power converter 10
converts an AC voltage received at the input of the power
converter 10 to a DC voltage present at the output 70 of
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the power converter. The illustrated embodiments dem-
onstrate a DC-to-DC power conversion and an AC-to-
DC power conversion. It is further contemplated that the
modular architecture described herein may be similarly
applied to a DC-to-AC power conversion or to an AC-to-
AC power conversion without deviating from the scope
of the invention.

[0033] The power converter 10 utilizes pairs of power
conversion sections, coupled with a shared magnetic de-
vice, such as a choke, 20 at the input of the two power
conversion sections to achieve a reduced size from a
standard power converter. The construction of the power
conversion section 12 and each winding 22, 24 on the
choke 20 is the same such that the electrical properties
of each branch in the power converter 10 is the same. A
branch of the power converter 10, as used herein, in-
cludes one power conversion section 12 and one of the
windings 22, 24 in a pair of windings on the choke 20 for
a DC input. The branch includes one power conversion
section 12 and one of the windings 22, 24 in each pair
of windings of the choke 20 for each phase of an AC
input. The configuration of the shared magnetic device
and paired power conversions sections results in a nat-
ural current balancing between branches of the power
converter 10. As a result, the current flowing in each
branch of the power converter 10 is substantially the
same although it is understood that minor variations in
the amplitude of the current will exist due, for example,
to manufacturing and component tolerances.

[0034] As discussed above, the pairs of windings 22,
24 on each core 25 are connected in a differential manner
between the input and the output of the choke 20. The
differential connection of the windings 22, 24 is used to
cancel at least a portion of the flux generated in the core
25 of the magnetic device 20. The currentflowing through
each winding 22, 24 on the choke 20 generates magnetic
flux that is conducted within the core 25. The flux gener-
ated includes both a continuous component and an al-
ternating component, and the magnitude of flux gener-
ated is proportional to the amplitude of current flowing in
each winding 22, 24. Because the amount of current is
balanced between branches, the magnitude of flux gen-
erated in the core from each winding 22, 24 has the same
magnitude. However, because the current is flowing
through each winding in opposite directions around the
core 25 (seee.g., Fig. 9), the polarity of the flux generated
by the first winding 22 is opposite and the polarity of the
flux generated by the second winding 24. Thus, the con-
tinuous component of the flux generated in the core 25
by the first winding 22 cancels the continuous component
of the flux generated in the core 25 by the second winding
24.

[0035] In addition, the controller 50 may generate con-
trol signals 65, 67 to each power conversion section 12
in a manner to cancel at least a portion of the alternating
component of the flux. The disclosed power converter 10
utilizes a single current sensor 40 and a single controller
50 to generate each of the control signals 65, 67. Be-

10

15

20

25

30

35

40

45

50

55

cause the evenly divides between the branches the am-
plitude of the current detected by the current sensor 40
may either be divided by the number of branches, when
the current sensor is measuring the total input current,
to obtain an amplitude of current in a branch, or the am-
plitude of the current detected by the sensor may be mul-
tiplied by the number of branches, when the current sen-
soris measuring a branch current, to obtain an amplitude
of the total input current. Regardless of the location of
the current sensor 40, the controller 50 receives the cur-
rent feedback signal and generates control signals 65,
67 to control operation of both power conversion sections
12.

[0036] The controller generates the control signals 65,
67 at a periodic interval (e.g., at a switching period) and
transmits the control signals 65, 67 to each of the power
conversion sections 12. Because a single controller is
used to control each pair of power conversion sections
12, the controller 50 may shift the time within the switch-
ing period at which the control signals 65, 67 are sent to
each power conversion section 12. If, for example, the
power converter 10 includes two power conversion sec-
tions 12, the controller 50 may transmit the control signals
65, 67 for one power converter at the start of the switching
period and may transmit the control signals 65, 67 for the
other power converter at the midpoint of the switching
period. Similarly, if the power converter 10 includes four
power conversion sections 12, the controller 50 may
transmit control signals for one of the power conversion
sections at the start of the switching period and for each
of the other power conversion sections spaced apart at
times equal to one-quarter of the switching period.
Shifting the time at which each control signal, or set of
control signals, is sent to a power conversion section 12
may reduce the magnitude of the alternating component
of the flux induced in the core 25 of the magnetic device
20. Controlling the switching elements within each power
conversion section 12 to alternately turn on and off gen-
erates transient voltages and currents which produce a
ripple current at the input to the power conversion section
12. Ifboth power conversion sections 12 are commanded
to switch at the same time, the resulting ripple current at
the input would be added together due to the cumulative
effect of both power conversion sections switching in tan-
dem. However, shifting the switching time of one power
converter to the middle of the switching period offsets
the time at which the switching elements within each pow-
er conversion section are activated and, therefore, off-
sets the time at which the transient voltages and currents
are generated. As aresult, the phase of the ripple current
between power conversion sections 12 is offset. When
two power conversion sections are utilized, the phase of
the ripple current may be offset by one hundred eighty
degrees, allowing the alternating components of the flux
resulting from the ripple current similarly be one hundred
eighty degrees offset, which, in turn, causes the alternat-
ing components of the flux to cancel each other rather
than to have a compounding effect.
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[0037] When assembling the mutual choke 20, the
windings 22, 24 are arranged on the core 25 such that
there is a poor mutual coupling coefficient between the
windings. The core 25 includes an air gap 30 to reduce
the coupling and prevent saturation of the core 25 due
to the DC component. In one embodiment of the inven-
tion, the coupling coefficient between the two windings
is between about 0.9 and 1.0. Preferably, the coupling
coefficient between the two windings is about 0.95. The
poor mutual coupling reduces the risk of saturation in the
core, which further assists in reducing the size of the core
25.

[0038] The architecture of the disclosed power con-
verter 10 allows for a reduced size for the power convert-
er. The construction of the mutual choke 20 and the con-
trol of the power converter sections 12 reduces mutual
inductance, leads to DC magnetic component cancella-
tion, and spreads out current ripple over a switching pe-
riod thereby reducing the required current rating for the
inductor. The reduced current rating allows for the phys-
ical construction (e.g., conductor sizing and core sizing)
to be smaller and results in a consequent physical reduc-
tion in size of the core 25 with respect to a traditional
magnetic component design. In addition, utilization of a
single current sensor 40 and single controller 50 reduce
component count and complexity of the power converter
10.

[0039] For further illustration, an exemplary embodi-
ment of the invention will be discussed. The example is
not intended to be limiting but demonstrates the benefits
of the present invention. An exemplary power converter
is configured to converta 150 VDC input voltage to a 500
VDC output. The maximum input for the power converter
is 500 amps, and a maximum desired current ripple is
100 amps. The power conversion sections operate at a
20 kHz switching frequency, and a target inductance for
an input inductor is 50 microhenries.

[0040] As discussed above, traditional power convert-
ers require either a single power conversion section and
a single inductor at the input of the power converter or,
alternately, require paralleled power conversion sections
with separate inductors for each power conversion sec-
tion. In the first instance, a single power conversion sec-
tion, having a 500 amp rating, with a single inductor would
require an inductor weighing about 69 kilograms. In the
second instance, a pair of power converters, each having
a 250 amp rating and each having a separate inductor,
would require two inductors weighing about 19 kilograms
each. The combined weight of the inductors for the sec-
ond instance is about 38 kilograms.

[0041] In contrast, the present invention utilizing a sin-
gle mutual choke 20, as shown in Fig. 1, requires a choke
weighing about 6 kilograms, where each winding on the
choke is rated at 250 amps. An alternate embodiment,
shown in Fig. 4, results in a choke weighing about 8 kil-
ograms, where each winding on the choke is rated at 125
amps.

[0042] It is further noted that each power conversion
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section 12 may be rated according to the total rating di-
vided by the number of branches in the power converter
10. Thus, the power conversion sections 12 for Fig. 1
would be rated at 250 amps and the power conversions
sections in Fig. 4 would be rated at 125 amps, consistent
with the rating of the corresponding windings in the choke
20. As may be observed, the present invention results in
a reduction of the required weight in the choke between
about fifty to ninety percent from the traditional choke,
resulting in a corresponding reduction in the size of the
choke.

[0043] In addition, the traditional power converter re-
quires a separate controller for each power conversion
section. In the example presented above, using paral-
leled converters with a traditional power converter to
achieve at least some reduction in the magnetic compo-
nentresults in two separate controllers and separate cur-
rent sensors for each controller to regulate the currentin
each branch. Each controller requires space in a control
cabinetand coordination of the two controllers adds com-
plexity in the power converter. Further, the additional con-
troller and additional current sensors add expense to the
power converter.

[0044] In contrast, the present invention utilizes a sin-
gle current sensor 40 and a single controller 50 to gen-
erate control signals for each of the power conversion
sections 12. Thus, the utilization of paralleled power con-
version sections 12, allowing for smaller magnetic com-
ponents, may be implemented with a single sensor 40
and a single controller 50.

[0045] It should be understood that the invention is not
limited in its application to the details of construction and
arrangements of the components set forth herein. The
invention is capable of other embodiments and of being
practiced or carried out in various ways. Variations and
modifications of the foregoing are within the scope of the
present invention. It also being understood that the in-
vention disclosed and defined herein extends to all alter-
native combinations of two or more of the individual fea-
tures mentioned or evident from the text and/or drawings.
All of these different combinations constitute various al-
ternative aspects of the present invention. The embodi-
ments described herein explain the best modes known
for practicing the invention and will enable others skilled
in the art to utilize the invention.

[0046] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A power converter, comprising:

a plurality of power conversion sections, where-
in each power conversion section includes an
input operative to receive a first voltage having
a first magnitude and a first frequency and an
output operative to deliver a second voltage hav-
ing a second magnitude and a second frequen-

cy;
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a mutual choke, including:

a magnetic core;

a first winding on the magnetic core con-
nected in series between a power source
and afirst power conversion section, select-
ed from the plurality of power conversion
sections, the first winding operative to con-
duct a first current; and

a second winding on the magnetic core con-
nected in series between the power source
and a second power conversion section, se-
lected from the plurality of power conversion
sections, the second winding operative to
conduct a second current, wherein the first
and second windings are connected be-
tween the power source and the first and
second power conversion sections, respec-
tively, such that the first current flows in an
opposite direction than the second current
with respect to the magnetic core;

a current sensor operative to generate a signal
corresponding to an amplitude of current enter-
ing the power conversion section; and

a controller operative to receive the signal from
the current sensor and to generate a first set of
control signals for the first power conversion
section and a second set of control signals for
the second power conversion section respon-
sive to the signal from the current sensor.

2. The power converter of clause 1, wherein:

the controller repeatedly generates the first and
second set of control signals at a periodic inter-
val, and

the second set of control signals are delivered
to the second power conversion section ata sec-
ond time, the second time offset from a first time
at which the first set of control signals are deliv-
ered to the first power conversion section by one
half of the periodic interval.

3. The power converter of any preceding clause,
wherein:

the mutual choke further includes:

a third winding on the magnetic core con-
nected in series between the power source
and a third power conversion section, se-
lected from the plurality of power conversion
sections, the third winding operative to con-
duct a third current; and

a fourth winding on the magnetic core con-
nected in series between the power source
and a fourth power conversion section, se-
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lected from the plurality of power conversion
sections, the fourth winding operative to
conduct a fourth current, wherein the third
and fourth windings are connected between
the power source and the third and fourth
power conversion sections, respectively,
such that the third current flows in an oppo-
site direction than the fourth current with re-
spect to the magnetic core; and

the controller is further operative to generate a
third set of control signals for the third power
conversion section and a fourth set of control
signals for the fourth power conversion section
responsive to the signal from the current sensor.

4. The power converter of any preceding clause,
wherein:

the controller repeatedly generates thefirst, sec-
ond, third, and fourth set of control signals at a
periodic interval,

the second set of control signals are delivered
tothe second power conversion section ata sec-
ond time, the second time offset from a first time
at which the first set of control signals are deliv-
ered to the first power conversion section by one
quarter of the periodic interval,

the third set of control signals are delivered to
the third power conversion section at a third
time, the third time offset from the first time by
one half of the periodic interval, and

the fourth set of control signals are delivered to
the fourth power conversion section at a fourth
time, the fourth time offset from the first time by
three quarters of the periodic interval.

5. The power converter of any preceding clause,
wherein:

the first winding and the first power conversion
section define, at least in part, a first branch,
the second winding and the second power con-
version section define, at least in part, a second
branch,

a common electrical conductor is connected be-
tween the power source and each of the firstand
second branches, and

the current sensor is operatively connected to
the common electrical connector such that the
signal from the current sensor corresponds to
an amplitude of current conducted in the com-
mon electrical conductor.

6. The power converter of any preceding clause,
wherein:

the first winding and the first power conversion
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section define, at least in part, a first branch,
the second winding and the second power con-
version section define, at least in part, a second
branch, and

the current sensor is operatively connected to
one of the first branch and the second branch
such that the signal from the current sensor cor-
responds to an amplitude of current conducted
in one of the first winding and the second wind-

ing.

7. The power converter of any preceding clause,
wherein the mutual choke is a first mutual choke, the
power converter further comprising:

a second mutual choke, including:

a second magnetic core;

a third winding on the second magnetic core
connected in series between the power source
and a third power conversion section, selected
from the plurality of power conversion sections,
the third winding operative to conduct a third cur-
rent; and

a fourth winding on the second magnetic core
connected in series between the power source
and a fourth power conversion section, selected
from the plurality of power conversion sections,
the fourth winding operative to conduct a fourth
current, wherein the third and fourth windings
are connected between the power source and
the third and fourth power conversion sections,
respectively, such that the third current flows in
an opposite direction than the fourth current with
respect to the second magnetic core.

8. The power converter of any preceding clause fur-
ther comprising a third mutual choke, including:

a third magnetic core;

a fifth winding on the third magnetic core con-
nected in series between the power source and
the first mutual choke, the fifth winding operative
to conduct a fifth current; and

a sixth winding on the third magnetic core con-
nected in series between the power source and
the second mutual choke, the sixth winding op-
erative to conduct a sixth current, wherein the
fifth and sixth windings are connected between
the power source and the first and second mu-
tual chokes, respectively, such that the fifth cur-
rent flows in an opposite direction than the sixth
current with respect to the third magnetic core.

9. A modular power converter, comprising:
at least one pair of power conversion sections,

wherein each pair of power conversion sections
includes:
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a first power conversion section including
an input operative to receive a first voltage
having a first magnitude and a first frequen-
cy and an output operative to deliver a sec-
ond voltage having a second magnitude
and a second frequency, and

a second power conversion section includ-
ing an input operative to receive the first
voltage and an output operative to deliver
the second voltage;

a mutual choke, wherein the mutual choke in-
cludes:

a first winding electrically connected be-
tween a power source and the first power
conversion section, and

a second winding electrically connected be-
tween the power source and the second
power conversion section, wherein the first
and second windings are electrically con-
nected such that a first current in the first
winding flows in an opposite direction than
a second current in the second winding;

a current sensor operative to generate a signal
corresponding to an amplitude of current provid-
ed to at least one of the first power conversion
section and the second power conversion sec-
tion; and

a controller operative to receive the signal from
the current sensor and to generate a first set of
control signals for the first power conversion
section and a second set of control signals for
the second power conversion section respon-
sive to the signal from the current sensor.

10. The modular power converter of any preceding
clause, wherein the current sensor is operatively
connected to generate a signal corresponding to an
amplitude of a current conducted in one of the first
winding and the second winding.

11. The modular power converter of any preceding
clause, wherein the current sensor is operatively
connected to generate a signal corresponding to an
amplitude of a combined current conducted in both
the first winding and the second winding.

12. The modular power converter of any preceding
clause further comprising:

a first pair of power conversion sections, select-
ed from the at least one pair of power conversion
sections; and

a second pair of power conversion sections, se-
lected from the at least one pair of power con-
version sections, wherein:
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the first and the second winding on the mu-
tual choke are electrically connected be-
tween the power source and the first pair of
power conversion sections,

the mutual choke further includes a third
winding and a fourth winding electrically
connected between the power source and
the second pair of power conversion sec-
tions,

the third and fourth windings are electrically
connected such that a third current in the
third winding flows in an opposite direction
than a fourth current in the fourth winding,
and

the controller is further operative to gener-
ate a third set of control signals for the third
power conversion section and a fourth set
of control signals for the fourth power con-
version section responsive to the signal
from the current sensor.

13. The modular power converter of any preceding
clause wherein:

the power source is a multi-phase alternating
current (AC) power source,

the mutual choke is a first mutual choke opera-
tively connected to a first phase of the multi-
phase AC power source and connected be-
tween the multi-phase AC power source and
each of the first and second power conversion
sections, the modular power converter further
comprising:

a plurality of additional mutual chokes, wherein
each additional mutual choke is operatively con-
nected to another phase of the multi-phase AC
power source and connected between the multi-
phase AC power source and each of the first
and second power conversion sections.

14. The modular power converter of any preceding
clause, wherein:

the controller repeatedly generates the first and
second set of control signals at a periodic inter-
val, and

the second set of control signals are delivered
to the second power conversion section ata sec-
ond time, the second time offset by one half of
the periodic interval from a first time at which the
first set of control signals are delivered to the
first power conversion section.

15. A modular power converter, comprising:

at least one pair of power conversion sections,
wherein each pair of power conversion sections
is operative to receive a first voltage having a
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first magnitude and a first frequency and an out-
put operative to deliver a second voltage having
a second magnitude and a second frequency;
atleastone choke, wherein each choke includes
at least one pair of windings connected in a dif-
ferential mode, and wherein each pair of wind-
ings is configured to be connected between a
power source operative to provide the first volt-
age and one pair of the power conversion sec-
tions;

a current sensor operative to generate a signal
corresponding to an amplitude of current provid-
ed to the modular power converter; and

a controller operative to receive the signal from
the current sensor and to generate a set of con-
trol signals for each pair of power conversion
sections responsive to the signal from the cur-
rent sensor.

16. The modular power converter of any preceding
clause, wherein:

the power source supplies a multi-phase alter-
nating current (AC) voltage to the modular power
converter,

the modular power converterincludes a number
of chokes equal to a number of phases present
in the multi-phase AC voltage, and

each choke is operatively connected to one
phase between the power source and the pair
of power conversion sections.

17. The modular power converter of any preceding
clause, wherein:

the modular power converter includes two pairs
of power conversion sections and two chokes,
and

the modular power converter furtherincludes an
additional choke having a pair of windings con-
nected in a differential mode, wherein the pair
of windings is configured to be connected be-
tween the power source and each of the two
chokes.

18. The modular power converter of any preceding
clause, wherein the current sensor is operatively
connected to generate a signal corresponding to an
amplitude of a current conducted in one winding of
the pair of windings in one of the atleast one chokes.

19. The modular power converter of any preceding
clause, wherein the current sensor is operatively
connected to generate a signal corresponding to an
amplitude of a current supplied from the power
source to the modular power converter.

20. The modular power converter of any preceding
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clause, wherein:

the controller repeatedly generates each set of
control signals at a periodic interval, and

sponsive to the signal from the current sensor.

2. The power converter (10) of claim 1, wherein:

12

22

the controller (50) repeatedly generates the first
and second set of control signals at a periodic
interval, and

the second set of control signals are delivered

the set of control signals for one of the power 5 tothe second power conversion section ata sec-
conversion sections in each pair of power con- ond time, the second time offset from a first time
version sections are delivered to the corre- at which the first set of control signals are deliv-
sponding power converter offset by one half of ered to the first power conversion section by one
the periodic interval from a time at which the set half of the periodic interval.
of control signals for the other power conversion 70
section in the pair of power conversion sections 3. The power converter (10) of any preceding claim,
are delivered. wherein:
the mutual choke further includes:
Claims 15
a third winding on the magnetic core con-
1. A power converter (10), comprising: nected in series between the power source
and a third power conversion section, se-
a plurality of power conversion sections (12), lected from the plurality of power conversion
wherein each power conversion section in- 20 sections, the third winding operative to con-
cludes an input operative to receive a first volt- duct a third current; and
age having a first magnitude and a first frequen- a fourth winding on the magnetic core con-
cy and an output operative to deliver a second nected in series between the power source
voltage having a second magnitude and a sec- and a fourth power conversion section, se-
ond frequency; 25 lected from the plurality of power conversion
a mutual choke (20), including: sections, the fourth winding operative to
conduct a fourth current, wherein the third
a magnetic core; and fourth windings are connected between
a first winding on the magnetic core con- the power source and the third and fourth
nected in series between a power source 30 power conversion sections, respectively,
and afirst power conversion section, select- such that the third current flows in an oppo-
ed from the plurality of power conversion site direction than the fourth current with re-
sections, the first winding operative to con- spect to the magnetic core; and
duct a first current; and
asecond winding on the magnetic core con- 35 the controller (50) is further operative to gener-
nected in series between the power source ate a third set of control signals for the third pow-
and a second power conversion section, se- er conversion section and a fourth set of control
lected from the plurality of power conversion signals for the fourth power conversion section
sections, the second winding operative to responsive to the signal from the current sensor.
conduct a second current, wherein the first 40
and second windings are connected be- 4. The power converter (10) of claim 3, wherein:
tween the power source and the first and
second power conversion sections, respec- the controller repeatedly generates thefirst, sec-
tively, such that the first current flows in an ond, third, and fourth set of control signals at a
opposite direction than the second current 45 periodic interval,
with respect to the magnetic core; the second set of control signals are delivered
tothe second power conversion section ata sec-
a current sensor (40) operative to generate a ond time, the second time offset from a first time
signal corresponding to an amplitude of current at which the first set of control signals are deliv-
entering the power conversion section; and 50 ered to the first power conversion section by one
a controller (50) operative to receive the signal quarter of the periodic interval,
from the current sensor and to generate a first the third set of control signals are delivered to
set of control signals for the first power conver- the third power conversion section at a third
sion section and a second set of control signals time, the third time offset from the first time by
for the second power conversion section re- 55 one half of the periodic interval, and

the fourth set of control signals are delivered to
the fourth power conversion section at a fourth
time, the fourth time offset from the first time by
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three quarters of the periodic interval.

5. The power converter (10) of any preceding claim,
wherein:

the first winding and the first power conversion
section define, at least in part, a first branch,
the second winding and the second power con-
version section define, at least in part, a second
branch,

a common electrical conductor is connected be-
tween the power source and each of the first and
second branches, and

the current sensor (40) is operatively connected
to the common electrical connector such that
the signal from the current sensor corresponds
to an amplitude of current conducted in the com-
mon electrical conductor.

6. The power converter (10) of any preceding claim,
wherein:

the first winding and the first power conversion
section define, at least in part, a first branch,
the second winding and the second power con-
version section define, at least in part, a second
branch, and

the current sensor (40) is operatively connected
to one of the first branch and the second branch
such that the signal from the current sensor cor-
responds to an amplitude of current conducted
in one of the first winding and the second wind-

ing.

7. The power converter (10) of any preceding claim,
wherein the mutual choke is a first mutual choke, the
power converter further comprising:

a second mutual choke, including:

a second magnetic core;

a third winding on the second magnetic core
connected in series between the power source
and a third power conversion section, selected
from the plurality of power conversion sections,
the third winding operative to conduct a third cur-
rent; and

a fourth winding on the second magnetic core
connected in series between the power source
and a fourth power conversion section, selected
from the plurality of power conversion sections,
the fourth winding operative to conduct a fourth
current, wherein the third and fourth windings
are connected between the power source and
the third and fourth power conversion sections,
respectively, such that the third current flows in
an opposite direction than the fourth current with
respect to the second magnetic core.
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8. The power converter (10) of claim 7 further compris-
ing a third mutual choke, including:

a third magnetic core;

a fifth winding on the third magnetic core con-
nected in series between the power source and
the first mutual choke, the fifth winding operative
to conduct a fifth current; and

a sixth winding on the third magnetic core con-
nected in series between the power source and
the second mutual choke, the sixth winding op-
erative to conduct a sixth current, wherein the
fifth and sixth windings are connected between
the power source and the first and second mu-
tual chokes, respectively, such that the fifth cur-
rent flows in an opposite direction than the sixth
current with respect to the third magnetic core.

9. A modular power converter (10), comprising:

at least one pair of power conversion sections,
wherein each pair of power conversion sections
includes:

a first power conversion section (12) includ-
ing an input operative to receive a first volt-
age having a first magnitude and a first fre-
quency and an output operative to deliver a
second voltage having a second magnitude
and a second frequency, and

a second power conversion section (12) in-
cluding an input operative to receive the first
voltage and an output operative to deliver
the second voltage;

a mutual choke, wherein the mutual choke in-
cludes:

a first winding electrically connected be-
tween a power source and the first power
conversion section, and

a second winding electrically connected be-
tween the power source and the second
power conversion section, wherein the first
and second windings are electrically con-
nected such that a first current in the first
winding flows in an opposite direction than
a second current in the second winding;

a current sensor operative to generate a signal
corresponding to an amplitude of current provid-
ed to at least one of the first power conversion
section and the second power conversion sec-
tion; and

a controller operative to receive the signal from
the current sensor and to generate a first set of
control signals for the first power conversion
section and a second set of control signals for
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the second power conversion section respon-
sive to the signal from the current sensor.

The modular power converter (10) of claim 9, where-
inthe current sensor is operatively connected to gen-
erate a signal corresponding to an amplitude of a
current conducted in one of the first winding and the
second winding.

The modular power converter (10) of claim 9 or 10,
wherein the current sensor is operatively connected
to generate a signal corresponding to an amplitude
of a combined current conducted in both the first
winding and the second winding.

The modular power converter (10) of claim 9, 10 or
11 further comprising:

a first pair of power conversion sections, select-
ed from the atleast one pair of power conversion
sections; and

a second pair of power conversion sections, se-
lected from the at least one pair of power con-
version sections, wherein:

the first and the second winding on the mu-
tual choke are electrically connected be-
tween the power source and the first pair of
power conversion sections,

the mutual choke further includes a third
winding and a fourth winding electrically
connected between the power source and
the second pair of power conversion sec-
tions,

the third and fourth windings are electrically
connected such that a third current in the
third winding flows in an opposite direction
than a fourth current in the fourth winding,
and

the controller is further operative to gener-
ate a third set of control signals for the third
power conversion section and a fourth set
of control signals for the fourth power con-
version section responsive to the signal
from the current sensor.

The modular power converter (10) of claim 9, 10, 11
or 12, wherein:

the power source is a multi-phase alternating
current (AC) power source,

the mutual choke is a first mutual choke opera-
tively connected to a first phase of the multi-
phase AC power source and connected be-
tween the multi-phase AC power source and
each of the first and second power conversion
sections, the modular power converter further
comprising:
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a plurality of additional mutual chokes, wherein
each additional mutual choke is operatively con-
nected to another phase of the multi-phase AC
power source and connected between the multi-
phase AC power source and each of the first
and second power conversion sections.

14. The modular power converter (10) of claim 9, 10,11,

12 or 13, wherein:

the controller repeatedly generates the first and
second set of control signals at a periodic inter-
val, and

the second set of control signals are delivered
tothe second power conversion section ata sec-
ond time, the second time offset by one half of
the periodic interval from a first time at which the
first set of control signals are delivered to the
first power conversion section.

15. A modular power converter (10), comprising:

at least one pair of power conversion sections,
wherein each pair of power conversion sections
is operative to receive a first voltage having a
first magnitude and a first frequency and an out-
put operative to deliver a second voltage having
a second magnitude and a second frequency;
atleastone choke, wherein each choke includes
at least one pair of windings connected in a dif-
ferential mode, and wherein each pair of wind-
ings is configured to be connected between a
power source operative to provide the first volt-
age and one pair of the power conversion sec-
tions;

a current sensor operative to generate a signal
corresponding to an amplitude of current provid-
ed to the modular power converter; and

a controller operative to receive the signal from
the current sensor and to generate a set of con-
trol signals for each pair of power conversion
sections responsive to the signal from the cur-
rent sensor.
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